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artery PTA alone or simultaneously with femoropopliteal
dilation were excluded, as were those infrainguinal
endovascular procedures performed for claudication.
Patients with infrainguinal bypass grafts undergoing
endovascular intervention because of intrinsic graft or
femoropopliteal lesions were also excluded.
During the study period, there were no strict guide-
lines for selection of treatment modality, endovascular or
surgical, in limbs with subcritical or CLI, but lesions more
than 10 cm long in the superficial femoral artery (SFA) or
occlusions more than 5 cm long in the popliteal or crural
arteries were considered to be unsuitable for endovascular
intervention. However, some patients with longer lesions
in the SFA, especially during the initial 5-year period,
underwent dilation attempt. During the study period
infrainguinal bypass grafting was performed in 476
patients for treatment of subcritical or CLI at our depart-
ment.
There were 52 men and 42 women of median age 75
years (range, 37-93). Fifty-two patients (43%) had dia-
betes, 41 (34%) had hypertension, 38 (32%) had clinical
signs of coronary artery disease, 13 (11%) had cerebrovas-
cular disease, and 32 (35%) had a history of smoking. The
indications for PTA were rest pain in 30 (25%) patients
and ulcer or gangrene in 91 (75%). Twenty limbs (22%)
had falsely elevated ankle pressures, and in the remaining
101 limbs the mean (SD) ankle/brachial pressure index
(ABPI) was 0.30 (0.14) before intervention. Ninety-one
limbs had CLI according to the reporting standards of the
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Infrainguinal bypass grafting is the most established
method in the treatment of patients with femoropopliteal
and crural occlusive disease leading to critical lower limb
ischemia (CLI). However, complications related to the
surgical procedure is not negligible, and percutaneous
transluminal angioplasty (PTA) has recently emerged as an
alternative.1-2 PTA is generally proposed, where feasible,
as the initial treatment for patients with severe lower limb
ischemia on the grounds that serious complications are
very rare, and failed PTA seldom preclude or significantly
alter subsequent bypass grafting.3,4 The aim of this study
was to report our experience in patients with critical or
subcritical lower limb ischemia undergoing PTA of the
femoropopliteal arteries.
MATERIALS AND METHODS
From January 1992 through December 1999, 92
patients with severe lower limb ischemia who underwent
121 femoropopliteal PTA procedures were evaluated in
this study. As the results have been previously reported of
infrapopliteal PTA in limbs with severe lower limb
ischemia (during 1989-1993), patients undergoing crural
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Purpose: The aim of the study was to evaluate the results of percutaneous transluminal angioplasty (PTA) of
femoropopliteal arteries in patients with subcritical or critical lower limb ischemia.
Materials and Methods: Ninety-two patients underwent 121 PTA procedures, 68 were of the superficial femoral artery
(SFA), 13 of the popliteal and 40 of both arteries. Fifty-seven procedures were performed for treatment of occlusions.
Eighty-four patients (94 procedures) were monitored with duplex scanning.
Results: Technical success rate was 88%. Primary success rates at 12 and 60 months in the whole series were 40% and
27%, respectively. The primary success rate in limbs with SFA occlusion of longer than 5 cm was only 12% after 5 years
compared with 32% if the occlusion was ≤ 5 cm in length (P < .01). The primary success rate at 60 months was 53% in
limbs with single SFA stenosis and 42% in those with multiple stenoses (P = NS). Limb salvage rate for combined
endovascular and vascular interventions was 86% at 5 years. The overall survival rate was 51% at 5 years.
Conclusion: The results of femoropopliteal PTA performed for treatment of subcritical or critical lower limb ischemia
seemed to be inferior to the results of infrainguinal bypass grafting reported in literature. However, because the PTA
procedure does not preclude the performance of bypass grafting, it might be an alternative to surgical intervention in
limbs with stenotic femoropopliteal lesions. PTA might also be considered in patients with high surgical risk and lim-
ited life expectancy, having short occlusive lesions (< 5 cm). (J Vasc Surg 2001;34:114-21.)
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Cardiovascular Surgery (SVS/ISCVS), whereas 30 limbs
with rest pain or ulcer had either falsely elevated ankle
pressures or had ABPI < 0.5 and ankle pressure more than
40 mm Hg.5 The latter group was considered to have sub-
critical ischemia.
Antegrade puncture of the femoral artery was used in
99 limbs when pre-PTA duplex scanning demonstrated
patent aortoiliac segments. In 22 patients because of
either nonavailable or inconclusive duplex scanning results
or extreme obesity, crossover technique from the con-
tralateral side was used for angiography and PTA.
Catheterization was made through a 6F to 8F introducer
by use of digital subtraction with possibility of “road map-
ping” of the arteries. Low-profile balloons with a shaft size
Fig 1. A, Angiogram demonstrates multiple distal stenoses in
SFA. B, Control angiogram after PTA.
Fig 2. A, Angiogram demonstrates distal SFA occlusion of less
than 5 cm in length. B, Control angiogram after PTA.
A B
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Fig 3. A and B, Angiograms demonstrate distal SFA and popliteal occlusions. C and D, Control angiograms after PTA.
A B C D
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of 5F or 7F (Scheider-Europe AG, Zurich, Switzerland)
and a balloon diameter ranging from 4 to 6 mm were
used. For recanalization of total occlusions, a low-friction
0.035-in guidewire was used (Terumo Co, Tokyo, Japan).
Angiograms were obtained immediately after angioplasty
in all but one. In one patient duplex scanning–guided PTA
was performed without contrast agent because of renal
insufficiency. Technical success was defined as PTA result-
ing in less than 50% residual stenosis after dilation.
Intraarterial heparin (5000 units) was injected during the
procedure. The patients received low molecular weight
heparin (Enoxaparin 40 mg subcutaneously) 4 to 6 hours
after the procedure and were to received life-time
antiplatelet (acetylsalicylic acid, 160 mg daily) treatment.
Among 121 PTA procedures, 68 were of the SFA, 13
of the popliteal artery, and 40 of both arteries (Figs 1-3).
Sixteen patients underwent more than one procedure. A
total of 108 superficial femoral artery PTAs was per-
formed, 45 of which were for total occlusions. The occlu-
sion length varied from 1 to 17 cm. In six patients
intra-arterial pulse-spray thrombolysis (tissue plasminogen
activator [Actilyse] with doses ranging from 10-30 mg)
was used at the site of occlusion before dilation. Among
56 popliteal PTAs, 12 were for occlusions. The patients
were followed up with clinical examination, ABPI mea-
surements, and duplex scanning during hospital stay and
at regular visits (usually at 1, 6, and 12 months for the first
year, and every year thereafter) after PTA. Only six
patients were lost to follow-up during the initial 6-month
period after PTA. Eighty-four patients (94 procedures,
78%) were followed up with duplex scanning. PTA was
considered successful if the symptoms improved together
with an increase in ABPI by more than 0.15 in limbs with-
out duplex scanning surveillance. The following criteria
were used for definition of clinical improvement: total or
partial (intermittent rest pain that did not require regular
analgesics) disappearance of rest pain or healing of ulcers.
In patients undergoing duplex scanning, special attention
was paid for assessing the patency of the dilated segment.
A focal increase of peak systolic velocity greater than 150%
of that in the normal segment was considered as indicative
of ≥ 50% stenosis when the Doppler angle was less than 60
degrees.6 In limbs with clinical improvement after recanal-
ization of occluded segments, demonstration of patent
Table I. Cumulative life-table analysis for primary success rate (121 procedures)
Interval No. of limbs No. failed No. Interval Cumulative
(mo) at risk PTA withdrawn* success success % SE %
0-6 121 47 15 0.59 100 0
6-12 59 8 5 0.86 59 8.7
12-18 46 9 8 0.78 50 2.5
18-24 29 3 0 0.89 40 4
24-30 26 3 5 0.87 35 1.8
30-36 18 2 1 0.88 31 2.2
36-42 15 0 7 1 27 2
42-48 8 0 1 1 27 0
48-54 7 0 1 1 27 0
54-60 6 0 0 1 27 0
*Number of patients withdrawn because of short time since PTA, loss to follow-up, or death.
Table II. Cumulative life-table success rates in various groups
Various groups 12 mo % (at risk) 36 mo % (at risk) 60 mo % (at risk)
1 Primary (all) 40% (46) 27% (15) 27% (6)
2 Primary assisted (all) 48% (53) 34% (18) 34% (7)
3 Secondary (all) 49% (54) 32% (19) 32% (7)
4 Primary (stenotic lesions) 50% (31) 39% (10) 39% (3)
5 Primary (occlusive lesions) 27% (15) 16% (5) 16% (3)
6 Primary (SFA-single stenosis) 72% (19) 49% (7)* 49% (2)*
7 Primary (SFA-multiple stenoses) 34% (12) 34% (5) 34% (3)
8 Primary (SFA-occlusions) 23% (9) 11% (3) 11% (1)
9 Primary (SFA-occlusions < 6 cm) 47% (35) 32% (12) 32% (3)
10 Primary (SFA-occlusions > 5 cm) 17% (3) 12% (2) 12% (2)
11 Primary assisted (SFA-single stenosis) 75% (21) 53% (7)* 53% (2)*
12 Primary assisted (SFA-multiple stenoses) 42% (14)* 42% (5)* 42% (3)*
13 Primary assisted (SFA-occlusions) 31% (12) 18% (5) 18% (2)
*SE > 10.
Comparisons: 4-5, P < .01; 6-7, P = NS; 6-8, P < .001; 7-8, P = 0.01; 9-10, P = .001; 11-12, P = NS; 11-13, P < .001; 12-13, P < .01.
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dilated segment with > 50% stenosis was considered as
patent. PTA results were considered as successful in limbs
with clinical and hemodynamic improvement, duplex
scanning verified patency (irrespective of degree of steno-
sis) of recanalized occluded segments, and duplex scan-
ning showed patency of at least one dilated segment in limbs
undergoing PTA at multiple levels. Recurrence of symp-
toms, hemodymamic deterioration, or duplex scanning–
verified restenosis/occlusion was defined as failure. Life
tables for primary, primary assisted, and secondary success,
Fig 4. Cumulative life-table analysis for primary patency rate.
Fig 5. Cumulative life-table analysis for primary assisted patency rate.
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limb salvage, and survival rates were constructed by the
actuarial method according to SVS/ISCVS reporting
standards, and tests for differences between the groups
were performed by use of Wilcoxon (Gehan) test.5
RESULTS
The technical success rate was 88% (106/121).
Among 15 technical failures in 14 patients, 11 were at the
superficial femoral level. All but two patients had occlusive
lesions, and the length of the occlusion was longer than 5
cm in 10 cases. Two patients underwent successful acute
infrainguinal bypass grafting after perforation and throm-
bosis of the SFA in one and thrombosis of the popliteal
artery after successful PTA of the SFA in the other. In all
other patients, technical failures did not worsen the status
of the runoff vessels distal to the lesions. Six patients
underwent elective infrainguinal bypass grafting after
technical failure. There was no limb loss as a direct com-
plication of the PTA procedure such as distal embolization
or thrombosis of crural arteries precluding the perfor-
mance of bypass grafting.
Four patients died within 30 days of undergoing PTA
(4.3%). One patient died because of myocardial infarction
on the same day after uncomplicated SFA PTA. The other
deaths were due to renal and cardiac insufficiency in one
and myocardial infarction in three occurring 1 to 2 weeks
after PTA. Fifteen patients had development of groin
hematomas (12%), of whom only one received a blood
transfusion, and no patients underwent acute surgical
intervention. Two patients had temporary creatinine ele-
vation. No patients had an irreversible change in their cre-
atinine.
Cumulative primary success rates at 6, 12, 36, and 60
months were 59%, 50%, 27% and 27%, respectively (Table
I and Fig 4). Cumulative primary assisted patency rate at
60 months was 34% (Fig 5). The primary assisted success
rate in limbs with single SFA stenosis was 53% at 60
months compared with 42% in limbs with multiple
stenoses (P = NS) and 18% in those with occlusions (Table
II and Fig 6). The primary success rate in limbs with SFA
occlusion of longer than 5 cm was only 12% after 5 years
compared with 32% if the occlusion was 5 cm or less in
length (P < .01) (Table II). Among 13 cases with SFA
occlusions of 10 cm or more in length, there were 7 tech-
nical failures and 5 reocclusions within 5 months.
The symptoms (subcritical, CLI), presence of dia-
betes, preoperative ABPI less than 0.2, combined femoral
and popliteal PTA, the number of occluded crural arteries
(one compared with two or three) and the occlusion of
the foot arteries (dorsal pedal and plantar arteries) did not
adversely affect the outcome. The occlusion of all three
crural arteries was observed in 33%. Most limbs had only
one patent crural vessel (49%). Dorsal pedal or plantar
arteries were partially or totally occluded in 78%.
Twelve patients underwent amputation after failed
PTA without any attempt at distal bypass grafting
because of severe distal atherosclerotic involvement.
Fifteen patients underwent infrainguinal bypass grafting
Fig 6. Cumulative life-table analysis for primary asssited patency rate in patients with SFA single stenosis (1); SFA multi-
ple stenoses (2); and SFA occlusions (3).
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(17 procedures) after failure of PTA. In these patients
with restenosis or occlusion at the site of PTA, we did
not observe worsening of the atherosclerotic process in
the runoff arteries on preoperative or on-table postre-
construction angiograms. The cumulative limb salvage
rate after endovascular and vascular interventions was
86% at 5 years (Fig 7). The cumulative survival was 51%
at 5 years (Fig 8).
DISCUSSION
Endovascular intervention is at present generally
accepted as an effective treatment modality in a substantial
proportion of occlusive iliac artery lesions, but in the
femoropopliteal segment its role is still the subject of
debate. In spite of recent enthusiasm for the wide applica-
tion of PTA in the femoropopliteal segment, guidelines for
selection and factors affecting outcome in limbs with sub-
critical and CLI are controversial.
Procedure-related serious complications after PTA of
the femoropopliteal lesions, either death or limb loss, have
been reported in 0% to 2% of cases.7-12 The 30-day mor-
tality rate was 4.3% in this study. The early technical suc-
cess rate varied between 78% to 100% in the previous
reports, being low in long occlusions compared with short
isolated lesions.7-12 The technical success rate in this study
was 88%, and 75% of the failures occurred in those with
superficial femoral artery occlusions 5 cm or more in
length. Two patients underwent emergency bypass graft-
ing with successful outcome, but no limb loss was directly
related to failed procedure, causing distal embolization or
thrombosis.
The overall patency rate after femoropopliteal PTA in
this study is lower than in most of the previous
reports.1,2,10,13 It is important to note that angioplasty
success rates are dependent on patient selection and the
criteria used to determine success.14 Nearly 80% of the
procedures in this study were followed with duplex scan-
ning, and most patients who did not undergo duplex scan-
ning had obvious clinical signs of occlusion of the dilated
segment in the early post-PTA period. The results of this
study were better than the patency rates reported by
Parsons et al15 in patients undergoing 222 infrainguinal
PTA procedures for treatment of limb-threatening
ischemia according to the Fontaine classification. The 1-
year PTA patency rates, on the basis of hemodynamic cri-
teria, were 13% in the SFA, 11% in the popliteal artery, and
13% in the crural arteries.
The type of lesions dilated and the status of distal
runoff vessels have been pointed out to influence the
results of femoropopliteal PTA.9,13,16,17 The cumulative
primary success rate at 5 years was only 12% for SFA occlu-
sions longer than 5 cm in length compared with 32% for
shorter occlusions. On the basis of these observations, we
consider occlusions of longer than 5 cm as unsuitable for
conventional PTA. Subintimal angioplasty has been used
with satisfactory results by Bolia,18 even in the treatment
of long occlusive lesions, but these excellent results are yet
to be verified by others. The use of thrombolysis in an
attempt to reduce the length of occlusion before PTA in
limbs with chronic occlusions is also controversial with
regard to the selection of patients.19 Our experience with
thrombolysis in chronic occlusions is limited. It was used
Fig 7. Cumulative life-table analysis for limb salvage rate.
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only in five patients in this study, with successful outcome
only in two cases.
The status of distal runoff has been shown to influence
outcome after femoropopliteal PTA.7,8,13 In this study,
the numbers in some subgroups aimed to study the impor-
tance of various clinical and anatomic factors on outcome
and are too small, and the statistical significance between
these groups are questionable. The number of patent
crural arteries or the status of foot vessels did not show any
significant influence on the patency rates in this study. In
limbs with extensive femoropopliteal and crural lesions
where bypass grafting was not technically feasible, because
of either the absence of a suitable distal vessel for anasto-
mosis or a poor runoff femoropopliteal artery, PTA did
not provide satisfactory results.
We have previously reported our experience in 86
limbs with severe lower limb ischemia undergoing 94
crural artery PTA either alone or in combination with PTA
of the SFA or popliteal artery.20 Cumulative primary clin-
ical success rate was slightly better than those obtained in
this series. It was 44% at 36 months. It is difficult to pro-
vide guidelines with respect to selection of patients for
crural PTA in combination with PTA of the SFA or
popliteal artery. We can only speculate that combined
femoropopliteal and infrapopliteal PTA in limbs with CLI
and localized short crural lesions might be considered 
in an attempt to improve runoff status, leading to better
outcome.
Several previous studies have shown that failure of
femoropopliteal PTA did not adversely affect the possibil-
ity of performing infrainguinal bypass grafting.1,2,10 In
this study the limb salvage rate for combined endovascular
and vascular interventions was 86% at 5 years. The satis-
factory limb salvage rate at 60 months might be overesti-
mated because of inclusion of those with subcritical lower
limb ischemia. Long-term patency in patients with CLI is
most likely not as important as achieving limb salvage, and
these patients have a greater risk of death than amputation
during the reporting period.21 In this series the overall
survival was 51% at 5 years.
In conclusion, femoropopliteal PTA performed for
treatment of severe lower limb ischemia achieved a 32%
primary assisted patency rate at 5 years. These results
seemed to be inferior to the results of infrainguinal bypass
grafting reported in literature. However, because of the
fact that PTA does not preclude the performance of bypass
grafting, it might be an alternative to surgical intervention
in limbs with stenotic femoropopliteal lesions and severe
arterial insufficiency. In addition, PTA might be consid-
ered in limbs with short occlusive lesions (< 5 cm), espe-
cially in patients with high surgical risk and limited life
expectancy. The results of femoropopliteal PTA in limbs
with longer occlusive lesions are poor and bypass grafting
seems to be a better alternative.
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